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Introduction

The primary clinical goal of vascular access planning and 
creation for the chronic kidney disease (CKD) patient is to 
have the appropriate functional access in place ready for 
sustained clinical use at the initiation of dialysis. Secondary 
goals are to minimize patient morbidity from the primary 
and ancillary procedures that are required to achieve this 
goal. The optimal vascular access is an arteriovenous fis-
tula (AVF) because of its lower morbidity and mortality, 
hospitalization rate, and cost.1–6 Unfortunately, there are 
barriers to achieving these goals with the standard surgi-
cally created AVF. There are delays in scheduling surgical 
procedures for access creation and the time required for 
the AVF to mature. This can amount to several months.7,8 

The problem is compounded by the fact that predicting the 
time for initiation of dialysis is challenging and often inac-
curate.9 In addition, a significant percentage of CKD 
patients present requiring emergent dialysis treatment.10 
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Not all newly created fistulas become physiologically 
mature and clinically functional for dialysis access. Failure 
of maturation has been reported to be as high as 60%.11 
Although not evidence-based, many renal physicians rec-
ommend a mandatory waiting period before performing 
the first cannulation on a physiologically mature AVF 
based upon the assumption that earlier cannulation will 
compromise the survival of the access.

Since the introduction of the AVF more than 50 years 
ago,12 very little meaningful advance in achieving the goal 
of having a functional AVF in place ready for use when the 
need for renal replacement therapy has occurred. In fact, 
the problem has been exacerbated largely due to changes 
in the patient population accepted to dialysis programs. 
Patients are older, three quarters of them have five or more 
comorbidities, 90% have cardiovascular disease, and 50% 
are diabetic.13,14

The recent advent of the percutaneous arteriovenous 
fistula (pAVF) may be at least a partial solution of these 
problems.15–20 The purpose of this study is report on the 
results of early cannulation in a group of patients with a 
newly created pAVF. Can it be done and provide effective 
hemodialysis and how does this affect access patency?

Materials and methods

This was a retrospective review of data, which was pro-
spectively collected as part of an electronic medical record. 
The study was approved by the Institutional Review Board 
(Comité d’Evaluation des Protocoles et d’Aide à la 
Recherche, Protocol Evaluation and Research Assistance 
Committee—CEPAR) and was in accordance with the 
Declaration of Helsinki. Individual informed consent was 
not required by the Institutional Review Board since this 
was a retrospective study. Medical records pertaining to 60 
patients in whom a pAVF had been created were queried to 
identify those patients where early cannulation (defined as 
cannulation within 14 days of access creation) had been 
attempted in order to avoid catheter placement either for 
initiation of dialysis or to replace a problematic catheter in 
patients already receiving dialysis treatments.

The pAVF procedures were performed at a university-
affiliated medical center outpatient department with 
regional axillary block anesthetic using the Ellipsys® 
Vascular Access System (Avenu Medical, San Juan 
Capistrano, Calif). A description of the device used, and 
the details of the procedure have been previously 
described.19,20 In summary, the Ellipsys device consists of 
a single venous access catheter which is introduced retro-
grade through cannulation of either the cephalic or median 
cubital vein at the elbow, advanced through the deep com-
municating vein (perforating vein), and then into the 
proximal radial artery. The device uses direct heat and 
pressure to create a permanent arteriovenous anastomosis 
by fusion between the deep communicating vein and 

adjacent proximal radial artery in the antecubital fossa 
where these two anatomic structures are adjacent. All pro-
cedures were performed with regional anesthesia and con-
scious sedation under ultrasound guidance. Immediately 
following the creation of the AVF, the anastomosis and 
adjacent vein were dilated with a 5 mm angioplasty bal-
loon under ultrasound guidance as a routine part of the 
primary procedure.

The AVFs created with this technique represent a very 
homogeneous group that is comparable to the proximal 
radial artery AVF which has been previously described.21 
Once created, the pAVF drains mainly into the superficial 
veins of the upper arm (Figure 1). Secondarily, minimal 
blood flow is present in the brachial vein, which helps 
maintain low pressures in the entire outflow circuit. All 
venous outflow branches were evaluated postoperatively 
and at each follow-up visit using ultrasound imaging and 
access blood flow volume (Qa) measurements to deter-
mine adequacy for dialysis. Qa was determined indirectly 
by measuring blood flow in the brachial artery, which rep-
resented a composite of all draining vessels.22–24 No 
patients in the study required venous branch occlusion.

Ultrasound mapping was used to mark cannulation sites 
for the initial cannulations for each patient. Ultrasound 
guidance for the first cannulation was used in two patients 
and was not otherwise required. Plastic (fluorine resin) fis-
tula cannulas (Medikit catheter 16 gauge, 35 mm length; 
Bernas Medical, Paris, France) were used for early can-
nulation for all dialysis treatments. Outflow vein diameters 
of 5–6 mm and depths of 4–5 mm were required for the 
marked cannulation sites.

All patients were assessed by the dialysis facility staff 
at each dialysis treatment to determine adequacy of Qa for 
dialysis and the overall status of the access. In addition, all 
pAVFs were evaluated postoperatively in the surgery clinic 
at 1 month and every 3 months thereafter by both physical 
examination and ultrasound evaluation. Successful cannu-
lation was defined by two-needle access of the pAVF 
allowing for the completion of the dialysis prescription, 
thereby avoiding placement of a new catheter or prompt 
removal of a problematic catheter. Primary, assisted pri-
mary, and cumulative patency rates according to standard 
definitions25 were determined using Kaplan–Meier life 
table analysis. Transplantation, lost to follow-up, and 
patient death were considered to be censored events.

Results

Fourteen patients met the study requirement of first can-
nulation within 14 days or less of access creation. These 
cases formed the basis of this study. Demographic and 
clinical data on this cohort are presented in Table 1. The 
age of these patients ranged from 26 to 80 years (mean: 
58 years): seven (50%) were female, six (43%) were obese, 
and seven (50%) were diabetic. Study data are shown in 



Mallios et al. 999

Table 2. Immediately post access creation, Qa ranged from 
491 to 1169 mL/min (mean: 772 mL/min). The time to first 
cannulation (TFC) ranged from 1 to 12 days with a mean 
of 8 days. In six cases, TFC was 7 days or less. Ultrasound 
guidance was used for the initial cannulation in two 
patients and was not otherwise required. All cannulations 
were with two needles and with buttonhole technique used 
most commonly. Nine patients had both cannulation sites 
in the cephalic vein and five individuals had cannulation 
with one needle in the median cubital vein and one in the 
median cephalic vein. The typical dialysis prescription in 
this cohort of cases consisted of a dialysis blood flow rate 
of 300 to 350 mL/min, for 4 h three times each week. 
Initiation of sustained clinical use to provide effective dial-
ysis according to the dialysis prescription was successful 
in all but one case over a follow-up period that ranged 
from 10 to 17 months (mean: 13 months). Patients were 
treated according to the attending nephrologist and unit 
standards that included Kt/v, recirculation, and arterial and 
venous pressures.

One patient (Case 14), after successful first cannulation, 
had a cannulation complication that resulted in a hematoma 
and subsequent cephalic vein occlusion. The pAVF 

remained patent with blood flow through the median cubi-
tal and brachial veins with plans for a basilic vein staged 
transposition. Nevertheless, a catheter was required and 
continued to be used until the patient received a kidney 
transplant. In all cases, the pAVF remained patent and, 
except for this single patient, provided effective dialysis 
according to the dialysis prescription without problems. No 
other patients experienced cannulation failure. In one case, 
difficulty was encountered in cannulating the proximal 
cephalic vein due to its depth. A superficialization proce-
dure was performed enabling the access to be used without 
further difficulty, and successful cannulation was main-
tained in an undisturbed segment of the pAVF. In another 
case, blood flow was lost and investigation revealed occlu-
sion of the anastomosis (anastomotic plug). Blood flow 
was restored following angioplasty of the anastomosis and 
the access continued to be used successfully without further 
problems. In three pAVFs, stenosis occurring in the deep 
communicating vein required treatment with angioplasty. 
This was successfully performed, and no further difficulties 
were encountered in these cases. One individual was lost to 
follow-up at 8 months and two were transplanted at 2.6 and 
12 months, respectively. Two patients died at 8.4 and 
12 months from causes unrelated to the procedure. In both 
instances, the pAVF was functioning without problems 
immediately prior to the patient’s death.

Primary, assisted primary, and cumulative patency rates 
for the study period are shown in Figure 2. Primary patency 
at 3, 6, and 12 months was 78%, 78%, and 69%, respec-
tively. Assisted primary patency for the same intervals was 
100%, 100%, and 92%, respectively. Cumulative patency 
was 100% at all three time intervals.

Figure 1. (a) Percutaneous arteriovenous fistula (pAVF) available for early cannulation and (b) pAVF cannulated successfully 5 days 
after access creation (dashed lines indicate the outflow veins). (1—site of anastomosis, 2—medial cephalic vein, and 3—medial 
cubital vein).

Table 1. Patient demographics.

Number of cases 14

Age (years) 57.8 (range 26–86)
Female 7 (50%)
Diabetes 7 (50%)
Obesity 6 (43%)
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Discussion

Since the introduction of the AVF more than 50 years 
ago,12 very little meaningful advance in achieving the goal 
of having a functional AVF in place ready for sustained 
clinical use when the need for renal replacement therapy 
arrives has occurred. In fact, difficulties in achieving this 
goal have been exacerbated largely due to changes in the 
patient population accepted into dialysis programs.26 
Patients are older and three quarters of them have five or 
more comorbidities, 90% having cardiovascular disease 
and 50% having diabetes.13,14

A clinically functional AVF is the end product of a 
series of events beginning with the recognition of the 

appropriate timing of referral for access creation and end-
ing with the sustained clinical use of the access. Starting 
with the procedure by which AVF creation is initiated, the 
AVF evolves through three developmental stages to reach 
this goal, each one of which is dependent upon the preced-
ing one(s): Stage 1—establishment of a patent AVF (surgi-
cal creation and open anastomosis with blood flow), Stage 
2—physiological maturation of the AVF, and Stage 3—a 
clinically functional AVF.27 Barriers and system failures 
arise at each stage in this process.

As a result of these problems, many patients start dialy-
sis with a catheter.28 In the United States, this represented 
more than 80% of cases in 2016, a percentage unchanged 
since 2005.29 Patients experience unnecessary surgery, and 
early placement of an AVF is at high risk of never being 
used, especially in older patients.30–32 Although there is 
broad agreement on the importance of timely surgical 
referral for creation of a permanent access, delays in 
scheduling appointments and procedures are such that the 
time lapse from surgical referral to a clinically usable AVF 
can amount to several months.7,8,33 Many AVFs that are 
created experience failure to mature, requiring multiple 
procedures for salvage. Between this and primary surgical 
failure, over one-third of AVF placements in the United 
States are lost.34 Annual costs relating to vascular access is 
markedly increased because of these problems and can 
approach US$100,000.35 In addition to the discomfort and 
morbidity associated with multiple surgical procedures, 
these factors all exert a major adverse effect on the patient’s 
quality of life,36 a problem the importance of which cannot 
be overstated.

The current situation related to the standard surgical 
approach for AVF creation forces the question as to 
whether a better alternative is available. Preliminary data 
related to the pAVF suggest that it may, at least in part, 
provide this alternative. The pAVF possesses all of the 

Table 2. Study data.

Patient Initial blood 
flow (mL/min)

Initial cannulation day 
(post-operation)

Primary patency 
(months)

Assisted primary 
patency (months)

Cumulative 
patency (months)

Censored event

1 1104 4 8.2 8.2 15.0 Lost to follow-up
2 491 4 11.2 11.2 11.2  
3 760 6 1.4 11.4 11.4  
4 1169 8 2.2 18.4 18.4  
5 572 12 2.8 8.4 8.4 Died
6 1032 5 14.1 14.1 14.1  
7 638 10 8.0 8.0 8.0  
8 866 12 13.6 13.6 13.6  
9 881 7 2.6 2.6 2.6 Transplanted
10 723 8 12.3 12.3 12.3  
11 657 12 14.4 14.4 14.4  
12 638 10 17.1 17.1 17.1  
13 734 1 12.0 12.0 12.0 Died
14 548 10 14.5 14.5 14.5 Transplanted

Figure 2. Kaplan–Meier vascular access patency curves show 
primary, assisted, and cumulative (secondary) patency during 
the study period. The number of patients at risk for each 
period are shown. Such an analysis has inherent limitations in 
studies with smaller numbers of at-risk individuals.
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advantages that have been documented for the surgically 
created proximal radial AVF.21 In addition, it represents a 
minimally invasive alternative to open surgical creation of 
an AVF, which does not require a surgical theater or gen-
eral anesthesia. The procedure requires substantially less 
time, personnel, and equipment than a surgical access cre-
ation and can be performed in an outpatient facility using 
local or regional anesthesia and conscious sedation. The 
pAVF has been shown to have a higher maturation rate, 
requires fewer post-creation procedures, be more econom-
ical, and have a better cumulative patency rate at one year 
than has been reported for surgically created AVFs.15–20

Having access outflow involving both the basilic and 
cephalic vein allows for easy cannulation of the medial 
cubital and medial cephalic veins (Figure 1) something 
not usually possible with a surgically created AVF at this 
site due to the incision and surgical dissection. The mod-
erate Qa as observed in this study was typical of proximal 
radial artery inflow AVFs and was adequate to fulfill the 
needs of the dialysis prescription in these patients (300 to 
350 mL/min). Moderate blood flow also offers the possi-
ble advantages of a decreased incidence of congestive 
heart failure, dialysis access steal syndrome, and neointi-
mal hyperplasia associated with the turbulence of high 
blood flow.21

This study has certain limitations over and beyond 
those inherent to observational studies. The major limita-
tion is the size of the cohort studied. The question as to 
the success of early cannulation using a higher Qa 
remains unanswered. The plastic cannulation needles 
which contributed to the early success in this study may 
not be available in all dialysis facilities and are not yet 
available in the United States. While success with early 
cannulation in this small series of cases suggests that the 
pAVF could serve as an alternative to a catheter for 
immediate dialysis use, a larger study is needed in order 
to confirm these findings.

Conclusion

Data derived from this study suggest that early cannula-
tion, as early as day 1, is feasible with the pAVF allowing 
for the avoidance of a central venous catheter. Ultrasound 
mapping of potential cannulation sites and ultrasound-
guided cannulation in selected cases played an important 
role in the success of this study.37,38 The use of plastic nee-
dles was also felt to contribute to the success of early can-
nulation39,40 although not felt to be necessary in all patients, 
especially after the initial month of access use.
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